Major depression, a common mental illness affecting millions of people worldwide, is one of the leading causes of morbidity and has a significant economic cost. Although the mechanisms of action are not well understood, antidepressants, including serotonin-selective reuptake inhibitors (SSRIs) and tricyclic antidepressants (TCAs), have been used for the treatment of depression, anxiety and other psychiatric disorders. 1 Here we identified a Wnt signaling inhibitor, 2 secreted frizzled-related protein 3 (sFRP3), as a molecular target of antidepressant treatments in rodent models, and revealed the significant association of three single-nucleotide polymorphisms (SNPs) in FRZB (the sFRP3 human ortholog) with early antidepressant responses in a clinical cohort.
In our previous screening of differential gene expression upon electroconvulsive stimulation, a treatment for patients with drugresistant major depression, levels of sFRP3 were significantly reduced in the adult mouse hippocampus. 3 In situ analysis further showed that sFRP3 is highly expressed in the dentate gyrus and CA3 regions 4 ( Figure 1a) . Interestingly, chronic but not subchronic treatments with fluoxetine (SSRIs; 20 mg/kg/day) or imipramine (TCAs; 20 mg/kg/day) also significantly suppressed sFRP3 expression in the hippocampus (Figures 1a and b) . Thus, sFRP3 is a common downstream target of multiple, mechanistically distinct treatments for depression.
The function of sFRP3 in the nervous system is unknown. To test the possibility that sFRP3 downregulation mediates antidepressant action, we subjected sFRP3 knockout (KO) mice to a panel of behavioral analyses (see Supplementary Information). sFRP3 KO mice exhibited apparently normal development and no differences in locomotor activity and anxiety-like behaviors in the open-field, elevated-plus maze and light-dark tests compared to wild-type (WT) littermates (Supplementary Figures 1a-g ). In tailsuspension and forced-swimming tests, which are reliable predictors of antidepressant potential, 5 vehicle-treated adult KO or heterozygous (HET) mice showed significantly reduced levels of immobility compared to WT animals ( Figures 1c and d and Supplementary Figures 1h and i) . Notably, fluoxetine treatment did not cause a further decrease in immobility in KO and HET mice (Figures 1c and d) , indicating that sFRP3 downregulation alone is sufficient to induce antidepression-like behavioral responses.
Responses of patients with major depression to antidepressant treatment can be influenced by genetic variations. 6 In parallel to animal studies, we conducted a pharmacogenetic association study of the human sFRP3 gene (FRZB) in a cohort of 541 Caucasian patients with major depression, 7 with latency to antidepressant response and partial response (50% or 25% decrease in symptom severity, respectively). We assessed 19 SNPs spanning 10 kb from 3 0 to 5 0 of the FRZB locus ( Supplementary Figures 2 and 3a) . All SNPs were in HardyWeinberg equilibrium. While no SNPs showed significant association with latency to response, two SNPs located 3 0 of the gene (rs11902959/P ¼ 0.0028; rs1530056/P ¼ 0.0044) and one SNP in the 3 0 -untranslated region (rs4666865/P ¼ 0.0097) exhibited significant association with latency to partial response, with rs11902959 and rs1530056 surviving multiple testing corrections (P ¼ 0.038) and rs4666865 showing a trend-level association (P ¼ 0.055; Figures 1e-g and Supplementary Figure 2b) . All SNPs showed a gene-dose dependent effect (Figure 1f ). w 2 test revealed no difference in allele frequencies of these three SNPs between patients with unipolar depression and healthy subjects 8 ( Supplementary Figure 3b) , excluding a potential contribution from a skewed allelic frequency in better or worse responding groups. These SNPs are in moderate to low linkage disequilibrium (Figure 1e ) and appear to represent at least two distinct loci of association. To investigate the potential joint effects of these variants, we performed haplotype-based association tests. The rs11902959/rs1530056 haplotype gave an omnibus P-value of 0.0014, with a highly significant association of the CA haplotype (P ¼ 0.0016; frequency ¼ 8.9%) and TG haplotype (P ¼ 0.0051; frequency ¼ 48.3%). The rs1530056/rs4666865 haplotype also showed a significant overall association (P ¼ 0.028) and associations of the GG haplotype (P ¼ 0.0051; frequency ¼ 36.9%) and AA haplotype (P ¼ 0.0075; frequency ¼ 49.7%; Figure 1h ). To gain insight into the function of these SNP variants, we investigated a public database for SNP genotype statistical associations with transcript expression in human brains. 9 Interestingly, rs1530056 (P ¼ 0.04) and rs44666865 (P ¼ 0.02) showed significant association with FRZB expression and the major allele A predicted lower FRZB expression levels in both SNPs in a genedose dependent manner (Supplementary Figure 4) . This result corroborates pharmacogenetic association results in which the A allele in both SNPs was associated with a better response to antidepressant treatment. These convergent results from pharmacogenetic and SNP expression association analyses suggest that functionally relevant polymorphisms in FRZB contribute to antidepressant response in clinical cohorts, potentially via differential regulation of FRZB expression.
Despite being effective, antidepressant pharmacotherapy is hampered by the slow onset of clinically appreciable improvement and significant side effects. Recent studies have suggested Wnt signaling as a target for mood disorder treatment. 10 Our studies identify a novel function of sFRP3, a naturally secreted inhibitor of Wnt signaling, as an essential mediator of antidepressant actions in animal models, and reveal significant association of its polymorphisms with latency to antidepressant response in patients with depression. Targeting of sFRP3 may represent a novel therapeutic approach for depression treatment. The nonapeptide oxytocin (OT), dubbed by the media as the 'moral' or 'love' molecule, has a variety of pro-social effects across species. A relatively simple explanation for these complex effects is that OT alleviates anxiety, 1 thereby indirectly promoting trust, cooperation and other affiliative behaviors. 2, 3 Indeed, OT can reduce anxiety-like behavior in animals, via its neuromodulatory influence on the amygdala, a core hub mediating fear and anxiety.
4 Surprisingly, OT also promotes territoriality, aggression
